The large literature on equilibrium exchange rates has typically focused on country-by-country estimations of equilibrium exchange rates or on consistent estimations of equilibrium exchange rates for a set of industrial economies. Until the mid-1990s, this approach was in line with a two-tier international monetary system. The first tier consisted in a small number of key currencies: the dollar, the Deutschemark, the yen and the British pound. G7 meetings were supposed to provide a coordination forum for these countries. The second tier consisted in all other currencies. Corresponding exchange rates were a national or regional, not multilateral interest. Since the mid-1990s, the rising share of emerging countries in global imbalances has made such divide no longer adequate. Consistently, the exchange-rate regime of China has often been accused of being one major building block of global imbalances, and some economists have suggested that the forum for international monetary cooperation should move from the G7 to the G20, a group created in 1999 to discuss financial stability issues. Such evolutions call for the estimation of consistent sets of equilibrium exchange rates for a large number of currencies. This raises the problem of world consistency since the equilibrium exchange rate of all currencies cannot be determined independently one from another. World inconsistency can result from two problems. First, real effective misalignments of currencies out of the considered sample are implicitly assumed to be the mirror image of those of the currencies under review. Second, only N − 1 independent bilateral equilibrium exchange rates can be derived from a set of N effective rates. Using panel cointegration techniques, we investigate these two problems by estimating two sets of equilibrium exchange rates, both in effective and bilateral terms, and by varying the assumptions concerning the rest of the world and the numeraire currency. In the first set, we consider 15 currencies of the G20 in a closed setting, i.e. without introducing the rest of the world. In the second set, we add the rest of the world. We then derive bilateral equilibrium exchange rates using both methods. We show that the way the rest of the world is tackled has a major impact on the measure of exchange-rate misalignments, especially for bilateral misalignments. For instance, the extent of renminbi under-valuation against the USD is found between 30% and 60% in 2004, depending on the way the N th currency problem is tackled. In effective terms, the misalignment ranges from 31 to 45%.
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Introduction
The large literature on equilibrium exchange rates has typically focused on countryby-country estimations of equilibrium exchange rates (Clark and MacDonald, 1998) or on consistent estimations of equilibrium exchange rates for a set of industrial economies (Williamson, 1994 ; Wren Lewis and Driver, 1998). Until the mid-1990s, this approach was in line with a two-tier international monetary system. The first tier consisted in a small number of key currencies: the dollar, the Deutschemark, the yen and the British pound. G7 meetings 4 were supposed to provide a coordination forum for these countries. The second tier consisted in all other currencies. Corresponding exchange rates were a national or regional, not multilateral interest. Since the mid-1990s, the rising share of emerging countries in global imbalances has made such divide no longer adequate. In 2005, for instance, advanced economies totalized a current account deficit of USD bn 451. The same year, developing Asian countries and the Middle East together experienced an aggregate surplus of USD bn 327. 5 Consistently, the exchange-rate regime of China has often been accused of being one major building block of global imbalances, and some economists have suggested that the forum for international monetary cooperation should move from the G7 to the G20, a group created in 1999 to discuss financial stability issues. 6 Such evolutions call for the estimation of consistent sets of equilibrium exchange rates for a large number of currencies. Steps in this direction have been taken by Alberola et al. (1999) and Bénassy-Quéré et al. (2004) . These papers use panel cointegration techniques to derive consistent real, effective equilibrium exchange rates for a group of 12 and 15 currencies, respectively. Then, bilateral equilibrium exchange rates are derived by inverting the weighted matrix of effective rates. However this matrix is bound to be singular since only (N − 1) bilateral exchange rates can be derived from N effective rates. Both papers choose to discard one currency -the numeraire one -i.e. to remove one line and one column from the matrix. This amounts to assuming that the misalignment of one currency is the mirror image of the misalignments of all other currencies. Yet, this is not necessarily the case since not all countries are covered in the analysis. Specifically, the misalignment of the rest of the world (RoW hereafter) is implicitly aggregated to that of the numeraire currency. Depending on the extent of the RoW misalignment, this may lead to biased estimations of bilateral misalignments. To solve this problem, the rest of the world can be used as the numeraire, as in Faruqee et al. (1999) : real effective exchange rates are calculated for a sample of N countries, and N bilateral misalignments are then derived against the RoW which is used as the numeraire. Again, this approach is appropriate to the extent that the RoW misalignment (in effective terms) is the mirror image of that of the N countries of the sample. Even here, this is not necessarily the case, for instance due to world imbalances: if the world current account is negative 7 , then discarding the current account of the rest of the world leads to a bias in favor of an over-valuation of all currencies against the rest of the world. This paper aims at shedding some light on the world consistency problem when deriving equilibrium exchange rates. We rely on the simple model of equilibrium exchange rate proposed by Alberola et al. (1999) , where the equilibrium exchange rate depends on the net foreign asset position and on a Balassa-Samuelson effect. We apply this model to two different sets of real effective exchange rates, successively. In the first one, 15 currencies of the G20 are considered in a closed setting, i.e. the real effective exchange rate of each currency is calculated as the weighted average of bilateral exchange rates against the 14 other currencies. Then, bilateral equilibrium exchange rates are derived by inverting the weighting matrix while discarding one equilibrium rate. In the second experiment, we add a synthetic, rest-of-the world currency to the sample. Hence we have 16 currencies, and each real effective exchange rate is calculated as a weighted average of bilateral rates against the other 15 currencies, including the rest of the world. Bilateral equilibrium rates are ultimately derived in the same way as before. By comparing the two methods and varying the numeraire currency, we are able to measure the importance of correctly accounting for RoW misalignments when deriving world-consistent equilibrium exchange rates. The present paper uses cointegration analysis on quarterly data over the period 1980.Q1-2004.Q3 to derive equilibrium exchange rates. Hence it follows the BEER tradition initiated by Clark and MacDonald (1998) . Working on quarterly data allows us to discard the 1970s from our sample, which is necessary when dealing with emerging economies. Two sets of estimations are successively performed: country-by-country cointegration estimations, and panel cointegration estimations. Comparing the results with both methodologies allows us to point which currencies do not follow the standard pattern. The results turn out to be unsatisfactory regarding both robustness and consistency. Panel estimations of equilibrium real exchange rates have been developed in the early 2000s by a number of authors. 8 The novelty of the present paper is to specifically study the extent of the world consistency problem. The paper is organized as follows. The theoretical model of equilibrium exchange rate is briefly presented in Section 2. Section 3 describes the data set. Section 4 reports the results of unit root and cointegration tests. Real effective misalignments are derived in Section 5, and bilateral misalignments in Section 6. Section 7 concludes.
The model
We rely on the stock-flow model developed by Alberola (2003) and Alberola et al. (1999 Alberola et al. ( , 2002 . The real exchange rate q is defined as the (log) relative price of foreign goods. With p * denoting the (log) foreign price index and p the domestic one, and s standing for the logarithm of the nominal exchange rate (price of the foreign currency), we have:
Denoting α the share of tradable goods in the price index, p T the price level of tradable goods, and p N T the price level of non-tradable goods (both in logarithms) and referring to foreign prices with a star, the real exchange rate can also be written as follows (the share of non-tradables is assumed to be the same across countries): 9
The first term, denoted q T hereafter, refers to the relative price of tradable goods across countries. It is determined by the equilibrium condition of the balance of payments. The second term (q N T in the following) is proportional to the ratio of the foreign to domestic relative price of non-tradable goods. In emerging countries, nontradable goods are expected to be cheaper than in industrial countries because wages are lower whereas productivity in this sector is similar. Hence, the real value of the currency is lower (q is higher) due to the non-tradable sector. This is the BalassaSamuelson effect which is driven by relative productivity in the tradable relative to the non-tradable sector. The equilibrium exchange rate, denotedq, is then defined as the one that achieves equilibrium both internally and externally:
The external contribution to the equilibrium exchange rate (q T ) is derived from balance of payment equilibrium when net capital flows correspond to normal adjustment of the net foreign asset position F towards its desired levelF :
World consistent equilibrium exchange rates
where B is the current account, g the growth rate of nominal GDP, F −1 is the net foreign asset position at the end of the previous period and 0 < η < 1. Suppose the net foreign asset position (NFA hereafter) is at its desired level: F =F . In this case, the current account must be positive if the NFA is positive in order to keep the NFA-to-GDP ratio constant: B = gF −1 > 0. Conversely, if the NFA is negative, then the country must run a current account deficit to keep the NFA ratio constant. Suppose now that domestic asset holders want to increase their NFA towards the desired level (F > F −1 ). In this case, the current account must adjust upward. In emerging countries, the desired NFA position may be negative. If the desired net debt is higher than its present level, thenF < F −1 , which is consistent with a current account deficit. Conversely, if 0 >F > F −1 , then the country should run a current account surplus or adjust it upward in order to reduce its net debt vis-à-vis the rest of the world. With b and f denoting the ratios of respectively B and F to GDP, we get:
In turn, the current account will depend on price competitiveness (q T ) and on net income from the NFA: 10
where γ > 0 and r * is the international interest rate. Putting together Equations (5) and (6), we get the expression ofq T :
The real equilibrium exchange rate depreciates (q T rises) if the desired NFA increases or if the observed NFA falls. 11 The desired NFA may be influenced by expected interest rate differentials. In the long run, however, the real interest parity should hold, or at least the risk premium should be constant. Therefore, the desired NFA is assumed exogenous here. In the econometric analysis, it will appear in the constant or in the country fixed effects. The internal contribution to the equilibrium exchange rate (q N T ) derives from a Balassa-Samuelson effect and can be expressed as:
10 For simplicity, we disregard exogenous factors that also impact on the current account. 11 The sufficient condition for the parenthesis in front of f−1 to be positive is that η + r * − g > 0, which is likely to be the case, except for a very low adjustment speed η.
where z i stands for labor productivity in sector i (i = N T, T ). In an emerging economy, the productivity differential between the traded-good sector and the nontraded good sector is lower than in an advanced economy. This translates into a positive value ofq N T , i.e. the domestic currency is weaker than its purchasing power parity level. From (3), (7) and (8), we get the real equilibrium exchange rate:
The real exchange rate (q) is expected to be a negative function of the net foreign asset position f and a positive function of relative productivity differentials. Equation (9) can be estimated econometrically.
The data
We consider 15 currencies corresponding to Argentina (ARG), Australia (AUS), Brazil (BRA), Canada (CAN), China (CHN), the United Kingdom (GBR), Indonesia (IDN), India (IND), Japan (JPN), Korea (KOR), Mexico (MEX), Turkey (TUR), the United States (USA), South Africa (ZAF) and the Euro composite (ZZM). 12 In a second step, a 16th currency corresponding to the rest of the world (RoW) is added to the analysis. 13 Data are quarterly and cover the period from 1980.Q1 to 2004.Q3. The dependent variable is the real effective exchange rate (q t ) 14 , and the two explanatory variables are the stock of net foreign assets (nf a t ) and a proxy for relative productivity differentials (relp t ). 15 q t and relp t are in logarithms whereas nf a is expressed as a percentage of GDP:
The real effective exchange rate for each country is calculated as a weighted average of real bilateral exchange rates against each partner. Bilateral rates are derived with consumer price indices and based in 1990.Q1. They are weighted with the share of each partner in imports and exports of goods and services in 2003. Note that intra-Eurozone trade is excluded and that trade weights are normalized to sum to one across G20 or G20+RoW partners, alternatively (the weighting matrix is reported in the appendix, Table A .2).
12 Hence, our sample covers all G20 countries except Russia and Saudi Arabia. France, Germany and Italy are grouped into the euro area. 13 The rest of the world includes 64 countries, which were selected for data availability and altogether represent 15.6% of world GDP. With G20 countries totalizing 83.3% of world GDP, the countries in our study cover 98.9% of world GDP. The countries included in the RoW aggregate are listed in the data appendix (Table A.1). 14 A rise in q denotes a depreciation in real terms. 15 See the appendix for a detailed description of the data.
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The net foreign asset position of each country is constructed from the Lane and Milesi-Ferretti database. 16 Note that the NFA position for the RoW is defined as the difference between (i) the sum of NFAs across all the countries included in the database 17 , and (ii) the sum of the NFAs over our G20 countries or zones. This aggregate NFA is normalized on the corresponding GDP. We calculate the ratio of end-of-year NFA to annual GDP and then linearly interpolate to get quarterly data. Concerning relative productivity of tradables versus non-tradables, we follow Alberola et al. (1999) in using a proxy given by the ratio of the consumer price index (CP I) to the producer price index (P P I). The reason for such approximation is that the CPI contains more non-tradable goods (especially services) than the PPI. Indeed, according to the IMF International Financial Statistics, the producer price index covers agricultural and industrial prices for the first commercial transaction. Services are not included in this index, which makes it an acceptable proxy for tradable good prices. Considering that only the CPI includes non-tradable goods, we have:
where α is the share of tradable goods in the price index, P T the price level of tradable goods, and P N T the price level of non-tradable goods. This ratio rises with relative productivity in the tradable sector compared to the non-tradable one.
For each country, we calculate this ratio both for the domestic economy and for an aggregate foreign economy which is a weighted average of foreign partners, using the same weights as for real effective exchange rates. Then, we define rpi as the log of the ratio between CP I/P P I in the domestic economy and in the foreign economy:
rpi is expected to rise if the relative productivity of the tradable sector (compared to the non-tradable one) increases faster than in the rest of the world. Hence the coefficient on rpi in Equation (10) is expected to be negative, i.e. a rise in rpi leads to a real appreciation of the domestic currency. rpi is based on quarterly price data, except for three countries (Argentina, Brazil, China) at the beginning of the period and for the RoW over the whole sample, where a linear interpolation is used.
Panel unit root and cointegration tests
As a first step, various panel unit root tests are carried out. Lin (1992, 1993) 18 , Breitung (2000) and Hadri (2000) tests are based on a common unit root process. In other words, in the Dickey-Fuller-type regression:
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where i = 1, ..., N , t = 1, ..., T and ε it ∼ iid 0, σ 2 i , the autoregressive coefficient ρ i is supposed to be identical across individuals: ρ i = ρ for all countries i. Levin and Lin (LL) and Breitung tests are based on the null hypothesis of a unit root, while the Hadri test uses a null of no unit root. The hypothesis that the autoregressive parameters are common across individuals is a rather restrictive assumption on the dynamics of the series under the alternative hypothesis. For this reason, various authors extend the Levin and Lin framework to allow for heterogeneity in the value of the autoregressive coefficient under the alternative hypothesis. Indeed, in the Im et al. (2003) test (IPS), the alternative hypothesis of no unit root can be stated as follows: ρ i < 0 for i = 1, 2, . . . , N 1 and ρ i = 0 for i = N 1 + 1, . . . , N . Thus, under the alternative hypothesis, some series may be characterized by a unit root, while some other series can be stationary. Two tests are proposed by Im et al.: a group-mean t−bar statistic for ρ i = 0 based on the t−statistics derived from the N augmented Dickey-Fuller regressions, and a group-mean Lagrange multiplier (LM) statistic which is based on averaging the single-country LMstatistics for ρ i = 0. Like the IPS test, the Maddala and Wu (1999) test (MW) is not based on the restrictive assumption that the autoregressive coefficient is the same across countries. This test is a non-parametric Fisher-type test that combines the p−values from individual unit root tests. Table 1 reports the results of panel unit root tests for each of our data sets: the one without the RoW (where all weighted averages are calculated against other G20 countries and the RoW is absent from the estimations), and the one with the RoW. According to the six tests (with the exception of IPS t−bar for rpi without the rest of the world) both nf a and rpi series contain a unit root at the 5% significance level. Concerning the effective exchange rate, the unit root hypothesis is rejected only by the IPS t−bar in both cases (with and without the RoW) and at the 10% significance level by the LL test, in the presence of the RoW. The four other tests indicate that this series is non stationary at conventional significance levels. As a second step, we proceed to panel cointegration tests. We consider the seven tests proposed by Pedroni (1999 Pedroni ( , 2004 . These tests are based on the null hypothesis of no cointegration and some heterogeneity is introduced under the alternative hypothesis. Indeed, under the alternative hypothesis, there exists a cointegration relationship for each country, and this cointegration relationship is not necessary the same for each country. Pedroni's tests are based on the following regression:
with i = 1, . . . , 15 or 16 (countries) and t = 1980.Q1, . . . , 2004.Q3 (time). Among the seven Pedroni's tests, four are based on the within dimension (panel cointegration tests) and three on the between dimension (group-mean panel cointegration tests). Both categories of tests are based on the null hypothesis of no cointegration:
World consistent equilibrium exchange rates ρ i = 1 ∀i, ρ i being the autoregressive coefficient on estimated residuals under the alternative hypothesis (i.e. ρ i is such that:
The difference between panel cointegration and group-mean panel cointegration tests comes from the specification of the alternative hypothesis:
-For the panel cointegration statistics, the alternative hypothesis is given by:
-For the group-mean panel cointegration statistics, the alternative hypothesis is given by: ρ i < 1 ∀i.
Thus, group-mean panel cointegration statistics are more general in the sense that they allow for heterogeneous coefficients across countries under the alternative hypothesis. Table 2 displays the results of Pedroni's tests. In the closed G20 setting, the null hypothesis of no cointegration is rejected in all cases (but the non-parametric t-test), meaning that there exists a long-term equilibrium relationship between the real effective exchange rate and its two determinants. When adding the rest of the world, the null hypothesis is rejected for three tests. Thus, the results are somewhat mixed. However, simulations made by Pedroni (1997) show that, in small samples, the group-mean parametric t−test is more powerful than the other tests, followed by the panel v−test. Based on this result, we can conclude that the null hypothesis of no cointegration is rejected in our study.
Real effective equilibrium exchange rates
It is now possible to estimate the cointegration vectors for the countries under study. The OLS method leads to superconsistent estimates, but the corresponding distributions are biased and dependent on nuisance parameters associated with the serial Kao and Chiang, 2000) . Roughly speaking, the DOLS procedure consists in augmenting the cointegrating relationship with lead and lagged differences of the regressors to control for the endogenous feedback effect. Two types of estimation are considered: country-by-country estimations, and a panel estimation with country fixed effects. Using a panel equation for calculating exchange rates relies on the strong assumption of panel homogeneity. However, we only have 99 observations for each country. More importantly, some countries of the sample have experimented structural changes over the estimation period, which reduces the reliability of country-specific estimates. Finally, since the exchange rate is a two-sided variable, we expect some consistency in the results. For instance, the coefficient on the NFA should be at least of the same sign across the countries. Therefore, we proceed to both types of estimations, successively. Table 3 displays the estimated cointegration vectors. With some exceptions, the estimated coefficients are close whether the rest of the world is introduced or not. As expected, the coefficients on nf a and rpi are generally negative. In four countries (the UK, Japan, South Africa, and Canada when the RoW is present) plus the RoW, the coefficient on the NFA position is significantly positive, meaning that higher NFA leads to a real depreciation. This result may be interpreted as the short-run impact of capital flows on the real exchange rate: a rise in the NFA is the result of higher current account due to a depreciated currency. In the longer run, to the extent that the desired NFA does not increase, net capital outflows are bound to vanish and the real exchange rate to come back to its equilibrium level. When significant, the impact of the relative price variable is negative in all countries but the RoW. However the coefficient varies across countries. It is very large in Japan and, to a lesser extent, in the Eurozone, Mexico, Indonesia and the UK. Conversely, it is non-significant in eight countries. Hence, country-by-country estimations lead to somewhat mixed results. For nine countries, at least one explanatory variable is significant and the real effective equilibrium exchange rate (REER, hereafter) can be derived as the prediction of the countryby-country model. The results are compared to observed exchange rates in Figures  1 in the case where the RoW is included in the estimations. 19 The REER tends to Note: This table reports the estimation of the cointegration vectors using DOLS. Between brackets:
Country-by-country estimations
t-statistics. In bold: significant at the 5% level.
appreciate over time in the UK and in Japan. Remember however that the NFA is wrongly signed in these two countries. In Canada and South Africa, the REER depreciates over the 1990s and early 2000s and the currency appears overvalued at the end of the period. In Brazil too, the REER tends to depreciate, but this time no misalignment is visible in the early 2000s. In China, after a period of depreciation during the 1980s and the beginning of the 1990s, the REER strongly appreciates in the mid1990s and 2000s, contrasting with the stability of the observed real exchange rate. In Mexico, no clear trend is visible for the REER and the peso appears overvalued in the early 2000s. In Indonesia, the REER closely follows the observed real exchange rate, with no clear misalignment even around the 1997 crisis. Concerning the Eurozone, the REER tends to depreciate since the end of the 1980s, but there is no important misalignment at the end of the considered period. Finally, after a strong appreciation during the end of the 1980s and the beginning of the 1990s, the REER of the RoW does not show any trend. This first set of estimations is not satisfactory for several reasons. First, the two explanatory variables are not significant in seven countries, which may be due to the limited number of observations and/or to the existence of structural breaks. Second, the estimations carried out for emerging countries may not deliver results that are consistent with the theoretical model if structural breaks have triggered an adjustment period where short-term patterns are prominent. Finally, having the same explanatory variable impacting in opposite direction on the real exchange rate in two different countries is not consistent at the world level. Hence we need to turn to panel estimations.
Panel estimation
The cointegration vectors estimated through the DOLS method with country fixed effects are reported in Table 4 . The cointegrating coefficients are significant at the 5% level and correctly signed. Furthermore, the estimates are close whether the RoW is present or not.
Figures 2 report the real equilibrium effective exchange rate for each country when the RoW is included, together with observed exchange rates. Not surprisingly, exchangerate misalignments are generally much larger with these panel estimations than with country-by-country ones. Except for Brazil, the results are very different. In China, and to a lesser extent in Canada, the REER is now stable over the period due to the opposite impact of the NFA and of relative prices. The REER of the UK now depreciates until the end 1990s and there is a very large over-valuation of the pound in the early 2000s. In Indonesia, the exchange rate overshoots during the 1997 crisis and stays slightly undervalued at the end of the period. In Japan, the REER smoothly appreciates over the period and no large misalignment is observed in 2004. In Mexico and South Africa, the REER is globally stable, with a slight appreciating trend on the whole period. Concerning other countries, the major result is the depreciating trend of the USD (with a 11% over-valuation in 2004). For the euro, the REER is relatively stable, with a slight over-valuation in 2004 (1.5%). In Argentina, the 2001 crisis results in a large under-valuation that remains in 2004. In Australia, the REER tends to depreciate over time, and the misalignment is important at the end of the period (around 18% in 2004.Q3). In India, both the REER and the observed exchange rate are relatively stable in the 1990s and 2000s. In Korea, the REER tends to appreciate over the period whereas the observed exchange rate is marked by the 1997 crisis. In Turkey, the REER slightly appreciates over time and the currency appears overvalued in 2004.
In the RoW, finally, after a period of appreciation, the REER depreciates during the mid-1980s and stays stable afterwards; large misalignments can be observed, but in 2004, the exchange rate appears close to equilibrium. Real effective misalignments for 1988.Q1 (largest figure for the RoW) and for 2004.Q3 (our last observation) are reported in Table 5 . A positive sign points to currency under-valuation. The comparison of the results without (N ) and with (R) the RoW provides a first assessment on the impact of discarding the RoW in the calculations of exchange-rate misalignments. For some countries, the difference is sizeable. In 2004.Q3, for instance, there is a 13 percentage point differences in the evaluation of the Chinese misalignment, and the misalignment of the euro is ten times higher when the RoW is dropped from the analysis. Note that, with the exception of China, these differences have little to do with the real effective misalignment of the RoW which is weak. Indeed, in 1988.Q1, the impact of including the RoW in the analysis is very small for the euro whereas the misalignment of the RoW is larger. From these two sets of effective misalignments (with and without the RoW) based on panel data estimations, it is possible to derive bilateral misalignments.
Bilateral equilibrium exchange rates
As already mentioned, bilateral misalignments can be derived from effective ones by inverting the weighting matrix which defines effective rates as a function of bilateral ones. With e i denoting the (log) real bilateral exchange rate of currency i against a numeraire and w ij the weight of country j as a trading partner of country i, the real effective exchange rate of country i goes as:
World consistent equilibrium exchange rates Let Q be the vector of the N equilibrium real effective exchange rates previously estimated, and E the vector of the N corresponding bilateral real exchange rates against the numeraire (N = 15 or 16 depending on whether the RoW is included or not). Q is a function of E:
where W is the (N × N ) trade matrix, and I is the identity matrix of order N . Because trade weights sum to one across the N partners, the matrix (I − W ) is singular. To circumvent this problem, the redundant effective exchange rate has to be eliminated. Alberola et al. (1999) , followed by Bénassy-Quéré et al. (2004), suggest to discard the row and column corresponding to the numeraire currency. The remaining (N − 1) multilateral exchange rates can then be expressed in terms of the numeraire. Denoting with an asterisk the matrix and vectors where the numeraire currency has been excluded, we get:
This system can now be inverted. The vector of real bilateral equilibrium exchange rates, denoted E * , is given by: We are now left with the choice of the numeraire. Here we proceed in two steps. First, the currency of the RoW is used as the numeraire. As already argued, this amounts to assuming that the misalignment of the RoW is the exact mirror image of the misalignment of the other 15 currencies. For the sake of comparison, misalignments are ultimately expressed against the USD by substracting the misalignment of the USD against the RoW. In a second step, the USD is used as the numeraire. Now, it is the USD misalignment that is considered as the mirror image of all other misalignments, including that of the RoW. In each case, the starting point is one of our two measures of effective misalignments calculated with panel data estimations: against 14 currencies (excluding the RoW) or against 15 currencies (including the RoW). However when the RoW is excluded from the calculation of effective misalignments, it cannot be re-integrated as a numeraire currency (the weighting matrix does not include the RoW). Hence we end up with three measures of misalignments which will be labelled N U (no RoW in effective misalignments, USD as the numeraire), RU (RoW included in effective misalignments, USD as the numeraire) and RR (RoW included in effective misalignments, RoW as the numeraire). As already mentioned, all bilateral misalignments are ultimately expressed against the USD. The results for 1988.Q1 and 2004.Q3 are reported in Table 6 . Not surprisingly, the differences between columns NU and RU mirror the differences obtained in Table 5 between effective misalignments calculated without the RoW (N) and those calculated with the RoW (R). In 2004.Q3, for instance, the euro appears 12% overvalued against the USD in the NU case but only 1% overvalued in the RU case, which derives from the euro being overvalued in effective terms by 10% in the N case but only by 1.5% in the R case. In turn, the differences between columns RU and RR derive from different effective misalignments in the numeraires in both cases. When the USD is used as the numeraire (RU), the effective misalignment of the USD is dropped. In 2004.Q3, this misalignment amounts to a 11% over-valuation. This is not equivalent to dropping the slight, 1.3% over-valuation of the RoW in effective terms (RR). Indeed, dropping the USD effective misalignment means that all other currencies have a more depreciated (or less appreciated) bilateral equilibrium exchange rate against the USD. This translates into less under-valuation, or more over-valuation, of current bilateral rates compared to equilibrium. For instance, the euro is overvalued by 6.2% in the RR case, compared to only 1% in the RU case. In 1988.Q1, both the USD and the RoW are undervalued by similar amounts. Consequently, RU and RR methodologies lead to more similar results. On the whole, the way the rest of the world is tackled has a large impact on the calculation of effective and especially bilateral misalignments: in 2004.Q3, in four countries (Australia, Brazil, Canada, Eurozone), the misalignment ranges from almost zero to approximately 10%, depending on the methodology. For China, the range of under-valuation is between 30% and 60%. In Japan, it is between 18 and 29%. The RR strategy has been used by Faruqee (1998) Our study highlights the difficulty in moving from effective misalignments to bilateral ones.
Conclusion
This paper has addressed the issue of world consistency when deriving equilibrium exchange rates. World inconsistency can result from two problems. First, real effective misalignments of currencies out of the considered sample are implicitly assumed to be the mirror image of those of the currencies under review. Second, only N − 1 independent bilateral equilibrium exchange rates can be derived from a set of N effective rates. Using panel cointegration techniques, we investigate these two problems by estimating two sets of equilibrium exchange rates, both in effective and bilateral terms, and by varying the assumptions concerning the rest of the world and the numeraire currency. In the first set, we consider 15 currencies of the G20 in a closed setting, i.e. without introducing the rest of the world. In the second set, we add the rest of the world. We then derive bilateral equilibrium exchange rates using both methods. We show that the way the rest of the world is tackled has a major impact on the measure of exchange-rate misalignments, especially for bilateral misalignments. For instance, the extent of renminbi under-valuation against the USD is found between 30% and 60% in 2004, depending on the way the N th currency problem is tackled. In effective terms, the misalignment ranges from 31 to 45%.
World consistent equilibrium exchange rates Trade weights are calculated from the CEPII-CHELEM database (see the weighting matrix in Table A. 2). Trade flows are harmonized in this database, so that exports and imports are consistent and total world trade is balanced. NFA positions are taken from the Lane and Milesi-Ferretti database (see Lane and Milesi-Ferretti, 2006 ). In the case of the Eurozone, before 1999, the NFA is calculated as the sum of the 12 Eurozone members as to 2004. The NFA of the RoW is calculated as the difference between the sum of all NFAs of the database and the sum of the NFAs of our G20 countries. These data are linearly interpolated to yield quarterly data. PPIs are mostly from the IMF, International Financial Statistics, line 63. National sources for PPI were used for Turkey, Australia, the Eurozone and China. For the rest of the world, data are taken from World Bank (World Development Indicators). As for the CPI, PPI of the RoW is calculated as the weighted average of the PPIs of the 64 considered countries belonging to the RoW. Other authors have used the wholesale price index (W P I) as a proxy for tradable prices. This index takes into account the prices of a number of agricultural and industrial products at various production and distribution stages, and therefore includes imports and import duties. Consequently, the WPI is more general and more representative of the effective price level of traded goods; however it is not available for the whole set of G20 and rest of the world countries, and PPI was therefore preferred in this paper. The CPI/PPI ratios and real exchange rate of the RoW are linearly interpolated.
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